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Tracking bone marrow stromal cells with iron labelling
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Purpose: The use of bone marrow stromal cells (BMSCs) transplantation 
for cartilage repair is receiving increasing attention. Knowledge about the 
fate of these cells following implantation is of importance. Recently, the 
ability to label cells with iron oxide particles and visualise them using MRI 
has been demonstrated. The aim of this study was to examine the ability to 
label human BMSCs with superparamagnetic iron oxide (SPIO) and to assess 
the effect on differentiation potential and long term fate in-vivo following 
seeding into scaffolds. 
Methods and Materials: Adult human BMSCs were labelled with SPIO and 
cultured in osteogenic, chondrogenic, adipogenic or control medium for 13 
days. Cells were harvested for histology, MRI and RT-PCR. Cells were also 
seeded onto collagen-glycosaminoglycan scaffolds for 21 days and then 
implanted subcutaneously into nude mice for further 28 days. 
Results: MRI demonstrated iron taken up by cells and retained for 13 
days, during which time BMSCs differentiated along different lineages. 
Osteogenesis, chondrogenesis and adipogenesis were demonstrated in 
SPIO-labelled cells by histology. While there was no apparent difference 
in the ability to differentiate at the histological level, subtle but sometimes 
TJHOJ¾DBOU EJGGFSFODFT XIFO GPVOE CZ 1$3 &YQSFTTJPO PG DIPOESPHFOJD
markers can be increased by SPIO-labelling and in the in-vivo experiment 
increased cartilage formation was visible. The potential of this method was 
demonstrated by tracking labelled cells in vivo by MRI seven weeks after 
labelling. 
Conclusions: BMSCs can be labelled with SPIO and tracked by MRI. Labelling 
seems to stimulate chondrogenesis.
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Purpose: Mesenchymal stem cells (MSC) are a population of cells 
broadly discussed to support cartilage regeneration. The differentiation 
of MSC into articular chondrocytes is, however, still poorly understood 
on the molecular level. The aim of this study was to perform an almost 
genome-wide screen for genes differentially expressed between 
DBSUJMBHF BOE .4$ BOE UP FYUSBDU OFX NBSLFST VTFGVM UP EF¾OF
chondrocyte differentiation stages. 
Methods and Materials: (FOF FYQSFTTJPO QSP¾MFT PG .4$ 	O

and articular cartilage (n=7) were compared on a 30,000 cDNA-
fragment array and differentially expressed genes were extracted by 
subtraction. Expression of selected genes was assessed during in vitro 
chondrogenic differentiation of MSC and during dedifferentiation of 
expanded chondrocytes using quantitative and semi-quantitative RT-
PCR. Protein secretion was measured by ELISA. 
Results: Eighty-seven genes were differentially expressed between 
MSC and cartilage with a more than 3-fold difference. Sixty-seven of 
them were higher expressed in cartilage and among them 31 genes 
were previously not detected in cartilage. Differential expression 
XBT DPO¾SNFE GPS  PG  SFBOBMZTFE HFOFT CZ 351$3 5IF
QSP¾MFTPGVOLOPXOUSBOTDSJQUTBOEQSPUFBTFSFMBUFENPMFDVMFT
were characterised during differentiation. SERPINA1 and SERPINA3 
mRNA expression correlated with chondrogenic differentiation of 
MSC and dedifferentiation of chondrocytes, and SERPINA1 protein 
levels in culture supernatants could be correlated alike. 
Conclusions: D%/"BSSBZBOBMZTJTJEFOUJ¾FE4&31*/"BOE"BTOFX
differentiation-relevant genes for cartilage. Since SERPINA1 secretion 
correlated with both chondrogenesis of MSC and dedifferentiation 
during chondrocyte expansion, it represents an attractive marker for 
SF¾OFNFOUPGDIPOESPDZUFEJGGFSFOUJBUJPO
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Purpose: Determine whether medium osmolarity affects in situ 
chondrocyte death at a scalpel wounded cartilage edge. 
Methods and Materials: Osteochondral explants (n=48) harvested 
from bovine metacarpophalangeal joints were exposed to distilled 
XBUFS 	N0TN
 N0TN%VMCFDDPµT.PEJ¾FE&BHMFµT.FEJVN
(DMEM), 340 mOsm DMEM (control) or 480 mOsm DMEM for 90 
seconds before the full thickness of articular cartilage was wounded 
with a scalpel. Explants were incubated in the same media for 2.5 
hours and transferrred to 340 mOsm DMEM for a 7-day culture at 
37C. The spatial distribution of chondrocyte death and percentage 
cell death at the wounded cartilage edge were compared as a 
function of medium osmolarity and time (2.5 hours vs. 7 days) using 
confocal laser scanning microscopy. 
Results: $IPOESPDZUFEFBUIXBTMPDBMJTFEXJUIJOUIFTVQFS¾DJBM[POF
of articular cartilage. Compared to the control explants exposed 
to 340 mOsm, percentage cell death was highest for explants 
exposed to distilled water, similar for explants exposed to 170 
mOsm and lowest for explants exposed to 480 mOsm at 2.5 hours 
(13.0% (control), 35.5% (p=0.02), 10.4% (p=0.9) and 4.3% (p=0.01) 
respectively) and 7 days (9.9 % (control), 37.7% (p=0.004), 13.9% 
	Q
BOE	Q
 SFTQFDUJWFMZ
5IFSFXBTOPTJHOJ¾DBOU
change in percentage cell death from 2.5 hours to 7 days at any 
medium osmolarity. 
Conclusions: .FEJVNPTNPMBSJUZTJHOJ¾DBOUMZJO¿VFODFTDIPOESPDZUF
death in wounded cartilage (inverse relationship). Cell death occurs 
within 2.5 hours with no progession upto 7 days. These data have 
important clinical relevance for the osmolarity of joint irrigating 
solutions used during osteoarticular surgery. 
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Purpose: The objective of this study was to investigate differences 
in preoperative knee function in ACL injured subjects with or without 
full thickeness cartilage defects (ICRS grade 3 or 4). 
Methods and Materials: A cross sectional study using data from the 
Norwegian National ACL Register (3704 primary ACL-surgery cases) 
XBT DPOEVDUFE 5IJSUZ ¾WF QBUJFOUT NFU UIF GPMMPXJOH JODMVTJPO
criteria: less than one year since knee injury, no meniscus injury, a 
full thickness chondral lesion of more than 2 cm2 and age less than 
40 years old. The control group (n=970) was comparable with the 
same characteristics, but no cartilage lesion was noted. All patients 
completed preoperatively a functional scoring form; the Knee 
0TUFPBSUISJUJFT0VUDPNFTDPSF	,004
DPOTJTUJOHPG¾WFTVCTDBMFT
and the surgeon peroperatively recorded the depth of the cartilage 
lesion according to the ICRS scale and the size of the lesion. 
Results: /P TJHOJ¾DBOU EJGGFSFODF GPS UIF "$- QBUJFOUT XJUI OP
NFOJTDVTJOKVSZXBTGPVOEGPSOPOFPGUIF¾WFTVCHSPVQTJO,004
score. A chondral lesion was located on the medial femoral condyle in 
PGUIFQBUJFOUTXJUIDBSUJMBHFMFTJPO5IFSFXBTBTJHOJ¾DBOU
higher mean age (29 years versus 23 in the control group) and 
predominantly males (68 %) in the cartilage lesion group compared 
to the control group (54 %). 
Conclusions: The combination of a full thickness cartilage lesion of 
more than 2 cm2 did not result in an inferior knee function before 
ACl-reconstruction evaluated using the KOOS functional outcome 
scores. 
